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INTRODUCTION 
This study on the acid hydrolysis of amylose and maltodextrins was 
inspired by the confusion that I felt was inherent in some of the amylase 
research going on at this time (62). Although different amylases produced 
different action patterns from an amylose substrate, it was not clear how 
much the amylose was responsible for any of this difference. Looking at 
the problem from a different angle, if one enzyme was allowed to react 
with a number of different glucose polymers giving rise to different 
action patterns, how much of the difference was due to the enzyme? The 
answer to the problem depends upon a knowledge of the binding sites of 
the enzyme and substrate, the catalytic groups of the enzymes, the 
lability of bonds in the substrate and such steric effects that may inter­
fere with binding and catalysis. 
For amylose the nature of the substrate in solution is not well 
understood. Part of the answer in distinguishing the role of amylose in 
hydrolysis may be approached by determining quantitatively the products 
obtained from an acid hydrolysis of amylose and the maltodextrins. Since 
a mineral acid should show no specificity, any variation from a purely 
random hydrolysis would be due to differences within the substrate. The 
non-random hydrolysis by mineral acids of starch and of amylose has been 
noted in the literature for many years. Attempts have previously been 
made to determine quantitatively what the products of hydrolysis are. 
Until the perfection of paper chromatography of the maltodextrins and the 
micro-determination of carbohydrates, these attempts were limited. 
Since the glycosidic linkages in amylose and maltodextrins are 
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exclusively «x-1,4 each bond would be expected to hydrolyze at the same 
rate. Two possible situations may prevent this. If the molecule has 
some form of secondary structure, which sterically protects some of the 
glycosidic bonds, these bonds will appear to cleave at a slower rate. 
Also, the position of the glycosidic bond within the polymer chain may 
cause it to hydrolyze at a different rate due, for example, to the effect 
of differing vibrational and rotational modes about the bond. A glucose 
residue at the end of the chain may have different vibrational and rota­
tional energies than one found near the center of the chain. Both of 
these possibilities may occur. In order to differentiate between them, 
maltodextrins were used as substrates. These molecules are of too short 
a chain length to have any secondary structure. Any non-random hydrolysis 
found using the maltodextrins must be due to the position of the glycosidic 
bond in the chain rather than any secondary structure. 
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REVIEW OF LITERATURE 
This review attempts to cover the work concerning the physical 
properties of amylose in solution as well as the kinetics of acid 
hydrolysis and the models proposed to account for the kinetics. The 
reader who wishes to know more about these aspects is referred to the 
chapters of Foster (25), Thoraa (75), and BeMiller (5) in Whistler and 
Paschall's Starch; Chemistry and Technology. 
Amylose has been characterized as the homologous series of compounds 
making up the linear portion of starch. The inability of p-amylase to 
completely degrade amylose to maltose has led to the speculation that 
there may be some anomalous links in the chain. Baum et al. (4) thought 
such anomalies may be due to isolation methods and proceeded to prepare 
amylose under oxygen-free conditions. Degradation of such preparations by 
phosphorylase went to 90% of completion, as compared to 70% when oxygen 
had been bubbled through the carbohydrate solution. Another approach to 
the problem was made by Kjolberg and Manners (40) who treated amylose with 
yeast isoamylase. The viscosity" and p-amylase degradation were tested on 
the amylose before and after isoamylase treatment. Isoamylase, which is 
specific for <=><-1,6 bonds, increased the p-amylase degradation from 76 to 
98%, an increase of 22%. At the same time the specific viscosity dropped 
by 19%. From these results it was believed that some of the molecules 
contained branched chains. It was thought that approximately 0.1% of the 
linkages were =><-1,6 bonds. 
Studies on the possible secondary structure of amylose in solution 
were carried out using such techniques as viscometry, light scattering and 
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optical rotatory dispersion. The specific viscosity can be expressed by 
the Mark-Houwink equation: 
17 ] = K (1) 
The exponent of the molecular weight, a, is believed to be, in part, a 
function of the secondary structure of the polymer. Values for the 
exponent have been determined for amylose for a number of solvents by 
different workers (9,14,15,16,20). Values in the range of 0.5 - 0.8 
signify random coil configuration, and a helical rod would give a value of 
about 1.7. These values are based on the properties of certain organic 
polymers in organic solvents. The equation above is limited to monodis-
persed systems. An effort was made to obtain monodispersed systems by 
multiple fractionation of amylose by ethanol precipitation from dimethyl 
sulfoxide solutions. The exponential terms obtained from various workers 
are not in good agreement; however, they are all in the random coil range. 
The description of the amylose structure from optical rotatory 
dispersion studies is as vague as that from viscosity studies. A decrease 
in the optical rotation of amylose in basic solution was interpreted by 
Reeves (59) and Neely (49) to be due to a conformation change involving a 
boat form of the pyranose ring. A dissenting opinion came from Rao and 
Foster (55,58) who believe such a drop is caused by freer rotation about 
the glycosidic bond. Such a rotation would seem possible by the ioniza­
tion of hydroxyl groups at high pH, with the consequent breaking of 
hydrogen bonds between hydroxyls of carbons 2 and 3 of adjacent glucose 
residues. NMR (57) and IR (13) studies both support the C 1 conformation 
exclusively as the most probable form in amylose. The results of 
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streaming birefringence (26) and changes of optical rotation and intrinsic 
viscosity with pH (55,56) led Foster to conclude that amylose is in a 
relatively stiff coil or deformed helix configuration. According to 
Szejtli and Augustat (73) each helical segment is composed of 10-15 turns. 
The number and length of helical and coiled segments may be deter­
mined by light scattering measurements using the equations derived by 
Fedorov £t al. (22). Light scattering has been used mainly in 
characterizing the association phenomenon. Synthetic amylose with a high 
degree of polymerization appears to associate less readily and less 
completely than native amylose (10,37). The lower molecular weight 
material in the more polydispersed native amylose appears to be the 
reason for this difference. Osmotic pressure measurements have determined 
that association occurs in concentrations of amylose as low as 0.2% (36, 
41). 
The degradation of polysaccharides by acid-catalyzed hydrolysis was 
studied in the 1930's by Freudenberg ^  £1. (30,31,32). It was observed 
that the rate constant for maltose was greater than that of starch. 
Similarly, it was found that the hydrolysis rate constant for cellobiose 
was greater than that of cellulose. Furthermore the rate constants for 
the polysaccharides increased with the degree of hydrolysis. Equations 
describing the formation of products, assuming each bond had the same 
probability of cleavage, were worked out by Kuhn and other workers (42,45, 
46,52,69), but they did not fit the experimental results very well. 
Variations on this theme were then tried. Equations were derived based 
on models where both end linkages were cleaved with the maltose rate 
constant and the rest with the initial starch rate constant (32). This 
model came close to the experimental results, but did not quite fit. 
Other models were proposed where the end bonds hydrolyzed much faster 
than the interior bonds (69) or both end bonds cleaved faster than the 
interior bonds but slower than the maltose bond (68). 
Further experimental work was done by Hollo' and Szejtli where 
glucose was determined at various degrees of hydrolysis (35,36). It was 
postulated that not only did the end linkages cleave faster than the 
interior ones, but those bonds adjacent to the terminal ones cleaved 
with a rate constant between that of the interior and end bonds. The 
terminal bond constants were estimated to be 3.1 times larger than the 
interior bond constants. An acid hydrolysis of amylose labeled with a 
radioactive tracer on the reducing or non-reducing end gave results which 
were interpreted to mean that the non-reducing terminal bond cleaved 
faster than the bond at the reducing end (34). 
Other workers have tried to determine quantitatively some of the 
products formed at various degrees of hydrolysis. The different rates of 
fermentation enabled the determination of glucose plus the sum of the 
maltose and maltotriose formed. An attempt to determine the rate con­
stants of maltohexaose from such data was not successful (47). Slightly 
better results were obtained for the starch hydrolysis (48). Using 
equations derived by Sillen, Myrback and Magnusson determined that one of 
the end bonds cleaved with a rate constant 1.68 times that of the other 
bonds. Carlqvist, using the same methods and the same equations, could 
not obtain good agreement between his calculated and experimental results 
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for his hydrolysis of glycogen (12). Jones et al. (39) hydrolyzed 
chemically pure trisaccharides containing o{-l,6 bonds (isomaltotriose 
and isomaltotriitol) and determined the products by quantitative paper 
chromatography. From the results it was postulated that the non-reducing 
end bond cleaved with a rate constant 1.7 times that of the reducing end 
bond. 
Only Swanson and Cori reported finding no difference between the rate 
constants of maltose and amylose (70) . They used conditions of 30°C and 
7.5 N hydrochloric acid. Most of the other workers used dilute acid at 
high temperatures except for Freudenberg*s group who worked at 30°C and 
18 N sulfuric acid. The conditions of temperature and acid concentration 
under which hydrolysis was performed could not be the sole cause of not 
finding a rate constant difference. 
The rate constant for starch has been shown to increase with the 
hydrochloric acid concentration raised to a power slightly greater than 1. 
To explain this phenomenon it has been postulated that electrostatic 
repulsion of the protonated polysaccharide causes the protons to accumu­
late near the ends of the molecule (71,72). This higher acid 
concentration at the chain ends increases the probability of hydrolysis 
at these ends. 
Heats of hydrolysis foro<'-l,4 bonds have been determined by 
Takahashi et al. (74) from calorimetric studies. Hydrolysis of maltose, 
raaltotriose and amylose was accomplished by the action of gluc-amylase 
enzyme of Eh. delemar. The molar heat of hydrolysis of maltotriose is 
equal to the heat of hydrolysis of the first bond cleaved plus the heat of 
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hydrolysis of maltose. The heat of hydrolysis for the first bond in 
maltotriose was close to the average value given for amylose and was equal 
• to -1.01 kcal/mole. The value given for maltose was -1.10 kcal/mole. 
Energies and entropies of activation have been calculated for maltose 
and starch from rate constant data (6,71,84). The energy of activation 
for both maltose and starch appears to be about 31 kcal/mole with a range 
of values from 29.0 to 35.5 kcal/mole. The entropy of activation for 
maltose is given as 14.7 eu (6) and for starch 5.19 eu (71). 
Attempts have been made to determine the mechanism of acid-catalyzed 
hydrolysis. Bunton £t aJL. (7) hydrolyzed methyl and phenyl glucosides 
18 in isotopically-labled water. It was found that all of the 0 label 
appeared on carbon one of the glucose which established the point of 
cleavage to be between carbon one and the glycosidic oxygen. The hydroly­
sis study of these glycosides limited the possible molecularities of the 
rate limiting step to a uni- or bimolecular reaction. These possible 
mechanisms are shown in Figure 1. It was believed that the reaction 
probably proceeded through one of the unimolecular mechanisms. This 
belief was restated after hydrolysis studies on glucose-l-phosphate (8) 
and by Bamford et (1) and Banks et al. (2) who studied the hydrolysis 
of a variety of glucoside derivatives. 
Support for the ring opening unimolecular mechanism was found in 
Shafizadeh (67) who compared the hydrolysis to ring opening mechanisms 
found in anhydro and furanose compounds. Most of the discussion in the 
literature, however, centered about the cyclic carbonium ion as an inter­
mediate in the hydrolysis. Foster and Overend (24) analyzed the various 
Figure 1. Postulated mechanisms of hydrolysis: 
A. Unimolecular (A 1) through a cyclic carbonium-oxoniura 
ion intermediate 
B. Unimolecular (A 1) through an acyclic carbonium ion 
intermediate 
c. Bimolecular (A 2) 
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rates of hydrolysis of pyranosides in terms of non-bonding interactions 
between substituents on carbon atoms 2 and 6. Reducing these interactions 
increased the rate constant. Edward (19) favored an electrostatic repul­
sion effect of the ring oxygen to describe the faster hydrolysis of some 
p-pyranosides over the «^'-compound. A combination of effects was used 
by Feather and Harris (21) in describing the hydrolysis mechanism. Among 
them were the non-bonding interactions of groups due to the rotation 
about the bonds of carbons 2 and 3 and carbons 4 and 5 when the ring goes 
into the half chair conformation. 
Methanolysis of glucopyranosyl chlorides led Rhind-Tutt and Vernon 
(60) to describe the reaction as unimolecular proceeding through a cyclic 
carbonium ion. Certainly the bimolecular mechanism for this compound was 
ruled out when addition of methoxide ions did not appreciably alter the 
rate of methanolysis. Hydrolysis of sulfur analogues of xylose was 
performed by Whistler and Van Es (82) and Whistler and Rowell (81). The 
rate constant for the derivative containing a ring sulfur instead of 
oxygen was much less than the derivative containing a glycosidic sulfur 
in place of an oxygen atom. It was postulated that the ring oxygen had 
an inductive effect on the glycosidic oxygen thereby aiding protonation 
and hydrolysis through a cyclic carbonium ion. By replacing the 
heterocyclic oxygen with sulfur the inductive effect is lost which 
greatly reduces the rate constant. 
Long et al. (43) compared the entropies of activation for the 
hydrolysis of ethylene oxide and its derivatives to the entropies of 
activation of compounds with known mechanisms of hydrolysis. Compounds 
12 
hydrolyzing by the unimolecular, A 1 mechanism such as sucrose had 
entropies of activation of 7 eu. Methyl acetate was hydrolyzed by the 
A 2, bimolecular mechanism and its entropy of activation was -21 eu. The 
oxides looked at by Long had entropies of activation of -5 eu, which he 
classified as belonging to the unimolecular group. Capon and Overend (11) 
also mention that A 1 mechanisms are characterized as having more positive 
entropies of activation than the A 2 mechanism. 
The use of the entropy of activation as a basis for determining the 
mechanism of reaction has been challenged by Whalley (79), After discuss­
ing the various methods used to distinguish between possible mechanisms, 
he finds the entropy of activation a somewhat ambiguous index. Large 
negative values are probably indications of an A 2 mechanism, but 
entropies even as large as 10 eu may still be derived from bimolecular 
reactions. Whalley feels that A 1 mechanisms can best be determined by 
measuring the volume of activation from the effects of pressure on the 
hydrolysis. Nevertheless, the workers cited above feel that the evidence 
points to a unimolecular mechanism and the entropy values of Szejtli (71) 
and BeMiller (6) fit in with this hypothesis. 
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MATERIALS 
Amylose 
Amylose was obtained from commercial, defatted potato starch by the 
Schoch procedure (66). It was separated from amylopectin by first complex-
ing with pentanol and then reprecipitating twice with butanol. It was 
stored as the butanol complex. 
Amylodextrin 
This material is a Nageli amylodextrin with an average degree of 
polymerization of 26.2 glucose residues per molecule. It had been pre­
pared by a former member of the research group. There is some <=<-1,6 
branching in this material, but the iodine stain is purple. The amount of 
branching is believed to be small. 
Oligosaccharides 
Maltose and maltotriose were donated by Dr. Abdullah of our labora­
tory. The maltose was prepared by p-amylase hydrolysis of cross linked 
starch, and the maltotriose by a pullulanase hydrolysis of Kerr-McGee 
polysaccharide. A mixture of linear oligosaccharides was available in the 
laboratory from an acid hydrolysate of p-Schardinger dextrin, and a Bacillus 
subtilis hydrolysate of amylose. The oligosaccharides were separated by 
descending chromatography. 
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Schardinger Dextrins 
- and p-Schardlnger dextrins (cyclohexa- and cycloheptaamylose) 
twice crystallized from water were donated by Dr. Robyt of our laboratory. 
These dextrins were prepared according to the standard procedure of 
French (27). 
Radioactive Oligosaccharides 
Maltodextrins labeled with exclusively in the glucose moiety of 
the reducing end of the molecule were donated by Dr. Abdullah. This 
material was prepared by incubating radioactive glucose with Schardinger 
dextrins and Bacillus macerans amylase (28,51). The homologous series of 
linear '^-1,4 maltodextrins obtained were separated by paper chromatog­
raphy, eluted and stored as frozen solutions. Further purification was 
necessary in the case of maltotetraose and maltohexaose. This was done 
by ascending paper chromatography in both 70% propanol and n-butanol; 
pyridine:water (3:2:2) solvents. 
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METHODS 
Phenol-Sulfuric Acid Method 
The total carbohydrate concentration was determined by a modified 
phenol-sulfuric acid method (18). One ml of sample (0-60 pg/ml) was 
pipetted into a 10 ml Erlenmeyer flask. One ml of 4% phenol was then 
added and the contents were mixed. Five ml of concentrated sulfuric acid 
was delivered quickly by an automatic pipette to the center of the flask 
to create and distribute as much heat as possible. The contents were 
stirred and allowed to cool to room temperature. The yellow solution was 
transferred to a Klett-Summerson colorimeter tube and the absorbancy read 
using a blue, #47 filter. The concentration was determined from a glucose 
standard curve. 
Nelson's Method 
The number of reducing groups was determined by the Nelson method 
(50). One ml of sample (0-350 pg/ml, maltose equivalent) was pipetted in­
to a Folin-Wu tube. One ml of reagent C was added and mixed. The tube 
was then heated in a boiling water bath for 20 min and brought to room 
temperature in a cold water bath. One ml of reagent D was added and the 
tube shaken to quickly drive off the carbon dioxide that forms. The blue 
solution was diluted to 25 ml, mixed and transferred to a Klett-Summerson 
colorimeter tube. The absorbancy was measured using a red, #66 filter. 
The concentration was determined from a maltose standard curve. 
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Reagent A: Anhydrous sodium carbonate 25 gm 
Rochelle salt 25 gm 
Sodium bicarbonate 20 gm 
Water 800 ml 
The chemicals were dissolved and diluted to 
one liter. The reagent was kept where the 
temperature does not fall below 20°C. 
Reagent B: Copper sulfate pentahydrate 30 gm 
Water 200 ml 
Concentrated sulfuric acid 4 drops 
The sulfuric acid was added to the copper sulfate 
solution. 
Reagent C: One ml of Reagent B was added with constant 
stirring to 25 ml of Reagent A. Reagent G was 
freshly prepared as it was needed. 
Reagent D; 1) Ammonium molybdate 25 gm 
Water 450 ml 
Concentrated sulfuric acid 21 ml 
2) Sodium arsenate heptahydrate 3 gm 
Water 25 ml 
Solution 2 was combined with Solution 1 and 
diluted to 500 ml. After incubating at 37°C 
for 24 hr the reagent was stored in a brown 
bottle. 
Glucose Oxidase Method 
The glucose concentration was determined by the glucose oxidase 
method (23). One ml of sample (0-100 |J.g/ml) was pipetted into a Klett-
Summerson colorimeter tube. Two ml of glucose oxidase reagent was added 
and gently mixed. The solution was incubated for 1 hr at 37°C. Then 4 ml 
of 5N HCl was added and mixed. The absorbancy was read using a green, 
#54 filter. 
The reagent was prepared according to the procedure below. Enzymes 
were obtained from Boehringer and Soehne Inc., Mannheim, Germany. 
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Reagent: Glucose oxidase 30 mg 
3 mg 
10 mg 
100 ml 
Horseradish peroxidase 
0-dianisidine hydrochloride 
Tris-glycerol buffer (pH 7) 
Buffer: Trishydroxymetbylaminomethane (Tris) 
Hydrochloric acid (5N) 
61 gm 
85 ml 
The buffer was adjusted to pH 7.0 with con­
centrated hydrochloric acid and diluted to one 
liter. Glycerol (660 ml) was added to the 
buffer. 
The glucose oxidase and horseradish peroxidase enzymes were added to a 
beaker containing cold tris-glycerol buffer. Solution was brought about 
by letting the enzymes stand in the cold and stirring occasionally over a 
period of 15 to 30 rain. The 0-dianisidine hydrochloride was then added 
and dissolved. The solution was transferred to a cold 100 ml volumetric 
flask, diluted to the mark with buffer, and a few drops of toluene were 
added as a preservative. The reagent was then stored in the cold in a 
brown bottle. 
For quantitative chromatography where the phenol sulfuric acid test 
was used for analysis, the paper was treated to reduce the blank values 
(17). Whatman #3 mm chromatography paper was prepared by soaking it for 
about 5 hours in approximately 2M acetic acid. The paper was then rinsed 
with water and soaked for a few more hours in ethanol. It was finally 
air dried and stored. Sheets were cut to a size 13" high x 14%" wide. 
The paper was then marked as shown in Figure 2. Three strips, one on each 
end and one in the center, were used as guides. Two others were used for 
streaking on the sample solution and the adjacent ones remaining were used 
Ascending Paper Chromatography 
Figure 2. Dimensions of paper for quantitative paper chromatography 
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for blanks. For radioactive tracer work the paper was not treated and 
the samples were spotted on the paper 1%" to 1-3/4" from each other. The 
sheets were 13" x 14". 
The chromatograms were stapled into cylindrical form before irriga­
tion. Hot 70% propanol was used as the solvent (29). Irrigation was 
accomplished by placing the chromatogram into a steel cylinder containing 
the solvent, clamping on the steel top and placing it in a 65°C oven. 
In 8 hours the solvent had climbed the 13" to the top. The chromatogram 
was removed, dried in the oven and replaced in the steel cylinder for the 
next ascent. 
For the phenol-sulfuric acid work, guide strips were cut from the 
sheet after 3 ascents and developed by the silver dip method. The sample 
carbohydrates were found with the developed guide strips and cut out along 
with their adjacent blanks for elution. Rectangular pieces of Whatman #1 
paper were labeled, stapled onto the appropriate papers and placed between 
microscope slides for elution. These rectangular pieces acted as a wick as 
well as for identification. Triangular shaped pieces of Whatman #1 paper 
were stapled to the bottom of the cut out papers to aim the eluant into 
the proper vessel. Blanks were eluted into 10 ml Erlenmeyer flasks, 
evaporated to dryness under a heat lamp and dissolved in 1 ml of water 
before being analyzed by the phenol-sulfuric acid test. Carbohydrate 
samples were eluted into 5 ml volumetric flasks for dilution. Carbohy­
drates on radioactive chromatograms were found by autoradiography. 
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Descending Chromatography 
Sheets of Whatman #3 paper 9" wide x 22" long were used. The carbo­
hydrate solution was streaked on a line one inch from the top edge of the 
paper and 1%" from the sides. The bottom of the paper was cut into a 
tooth edged border. A strip of Whatman #3 paper 3" long and 9" wide was 
stapled to the top of the sheet to use as a wick. Sixty-five percent 
propanol was the solvent and the chromatography chamber was kept in a 37°C 
incubator to help equilibrate the system quickly. After 52 hours the 
sheets were removed and air dried. Two inches were cut off each side of 
the sheets for guide strips and developed by the silver dip process. 
Maltotriose was found at the tooth edge border of the paper as determined 
by the position of the intense maltohexaose and maltoheptaose spots of 
the subtilis hydrolyzate. 
Silver Dip Method 
Reducing sugars were developed on paper chromatograms by dipping the 
sheets into a trough containing acetone saturated with silver nitrate and 
then air drying. The sheets were then dipped into a trough containing 
methanol saturated with sodium carbonate and then placed on a clean flat 
surface to let the spots develop fully and the paper dry somewhat. The 
sheets were then dipped into a fixer (Kodak F-24, 1/2 strength) and rinsed 
in a tap water bath for half an hour. Air drying completed the procedure 
(62).  
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Iodine Dip Method 
Guide strips were dipped in a methanolic iodine solution (approxi­
mately 20 ml of a 0.02M KI and O.OIN I2 solution in 200 ml methanol) and 
air dryed. Upon drying the «^-dextrin turns purple and the p-dextrin 
yellow. The spots were circled with a pencil and the iodine was washed 
off with acetone. Development of the linear oligosaccharides on the guide 
strip was then accomplished by the silver dip method. 
Scintillation Counting 
Radioactive spots and blanks were cut out of the chromatograms and 
placed in 20 ml vials used in scintillation counters (33,78). A solution 
of 10 gm 2,5-diphenyloxazole (PPO) and 0.6 gm l,4-bis-2-(5-phenyloxazolyl) 
benzene (POPOP) in two liters of toluene was added to the vials. Enough 
solution was added to completely submerge the paper. The samples were 
counted in a Packard Tricarb Liquid Scintillation Spectrometer and counted 
for 10 min three times. The average value was used in the rate calcula­
tions. During initial experiments, blanks cut out from the adjacent areas 
of the sample were interspersed among the samples during the counting for 
determination of background radiation. The variation in the blanks was 
found not to be significant, so only a few blanks were used in subsequent 
experiments. 
Gas Flow Counting 
One ml aliquots of a radioactive solution were pipetted onto copper 
planchets and evaporated to dryness under a heat lamp. The samples were 
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counted for 2 to 5 tnin in a gas flow counter along with a standard. The 
counts of the samples were averaged and used in calculating specific 
activity and autoradiograph exposure time. 
Autoradiography 
Radioactive chromatograms were taped to Kodak, no screen, X-ray film 
for about six days. The film was developed, stopped and partially fixed 
so that the emulsion remained on the film. The film was blotted with 
paper towels and under indirect light the spots were circled with water­
proof ink. Faint spots which were difficult to detect on completely fixed 
film were easily seen on an emulsion background. The film was then 
replaced in the fixer until the emulsion dissolved. After washing in a 
water bath for a half hour the autoradiogram was air dried. 
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EXPERIMENTAL 
Determination of Rate Constants 
Method I - Production of reducing groups or glucose with time 
Approximately 6 gm of an amylose-butanol complex was weighed into a 
beaker and dissolved in 50 ml of boiling water. The water was kept boil­
ing and the level of the solution maintained until the smell of butanol 
was gone. The solution was kept boiling another 10 min to insure the re­
moval of all butanol. The boiling solution was then filtered through glass 
wool to remove any retrograded material. Three 1-ml aliquots of the solu­
tion were diluted to 100 ml in volumetric flasks for phenol-sulfuric acid 
determination of carbohydrate concentration. Sixteen ml were pipetted into 
each of 2 test tubes which had been placed in a 95.0°C water bath. The 
test tubes were stoppered and the solution was allowed to stand for 10 min 
to come to thermal equilibrium. The volume was brought up to 20 ml by the 
addition of 4 ml of 0.0500 N sulfuric acid. The digests were then 0.0100 
N sulfuric acid and 0.1-0.4% carbohydrate. The solution was stirred and 
stoppered and the timer was started. Thermal equilibrium was established 
in less than 3 min. The temperature was measured using a 0-110°C mercury 
column thermometer for all the experiments in this dissertation. 
At desired times a 1 ml aliquot was removed from the digest and 
pipetted into a cold, Folin-Wu tube. Cooling to room temperature dropped 
the hydrolysis to a very, very slow rate. For all practical purposes it 
had been stopped. After all aliquots had been taken the reducing values 
were determined by means of the Nelson method. 
The procedure for determining the rate constant for amylodextrin was 
the same as that for amylose with a few exceptions. This material went 
into solution readily upon warming. It was not necessary to boil off any 
butanol or filter through glass wool. 
The rate constant of maltose was determined by measuring the glucose 
produced by the glucose oxidase method. The procedure was similar to that 
for amylose. One ml aliquots were removed and pipetted into cold, Klett-
Summerson colorimeter tubes. After all the aliquots were collected the 
glucose oxidase reagent was added and the amount of glucose was deter­
mined . 
Method II - Quantitative determination of 
products by paper chromatography 
Amylose was brought into solution and the digest started as described 
above. After hydrolyzing for 1440 min (24 hr) the reaction tubes were 
removed from the water bath and placed in a cold water bath to quench the 
hydrolysis. A 4 ml aliquot was removed from the digest to make up 1 to 10 
dilutions for reducing value and glucose determinations. A second 1 to 10 
dilution was made from the first for the determination of total carbohy­
drate concentration. The remaining digest was concentrated three fold, 
so that a large amount of carbohydrate could be streaked onto the paper in 
a convenient volume. The large amount of carbohydrate eluted from the 
paper had to be diluted for analysis. It was necessary to have this 
dilution factor to minimize the error introduced by a large blank. 
Before concentrating, the digest had to be neutralized. Since a 
moderate concentration of salt interferes with chromatography, barium 
carbonate was used to neutralize the acid. The remaining digest was 
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neutralized by transferring it quantitatively to a 125 ml Erlenmeyer flask 
containing 27 mg of barium carbonate and stirring in the cold overnight. 
The barium sulfate and excess barium carbonate were filtered off using 
Whatman #42 filter paper. The precipitate was washed three times with 1 
ml volumes of water and the washings were added to the hydrolyzate. The 
hydrolyzate was evaporated in a 50 ml Florence flask to less than 5 ml by 
a rotary type flash evaporator. The concentrated solution was transferred 
quantitatively by pipette to a 5 ml volumetric flask and diluted to mark. 
Three 100 p.1 aliquots were streaked onto paper chromatograms for quantita­
tive determination of products by phenol-sulfuric acid analysis. 
This method was also used with amylodextrin, maltose, maltotriose, 
maltohexaose and - and p-Schardinger dextrins as substrates. The 
concentrations of carbohydrates that could be isolated by paper chromatog­
raphy were large enough in the digests of maltose, maltotriose, malto­
hexaose and -dextrin that it was not necessary to evaporate down the 
digests. The maltose and maltotriose digests were neutralized by the 
addition of 0.24 ml of 0.825 N potassium hydroxide and the maltohexaose 
and <=><-Schardinger dextrin by the addition of 0.03 ml of pyridine. The 
hydrolysis of maltohexaose and ^/-dextrin was carried out using a volume 
of only 10 ml. Eight ml of the substrate solution was brought to 95.0°C 
and 2 ml of 0.0500 N sulfuric acid was added. 
The R£ values of the <=^- and p-Schardinger dextrins are in between 
those of maltotetraose and maltohexaose. In order to determine the amount 
of unhydrolyzed dextrin, it was necessary to correct for the interference 
of the products. After 3 ascents in n-butanol:pyridine;water (3:2:2) 
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solvent the p-dextrin occupied the same position as maltopentaose. The 
concentrated digest of p-dextrin was streaked onto 2 sets of chromato-
grams. Fifty (il of the digest was streaked onto the first set for total 
carbohydrate analysis. The samples were eluted into 10 ml volumetric 
flasks for dilution. The second set contained 200 |il of the digest for 
Nelson's analysis. These samples were eluted into 10 ml beakers, 
evaporated to dryness, dissolved in 1.1 ml of water and 1 ml used for 
analysis. 
The Nelson determination gave the concentration of maltopentaose 
which was then subtracted from the total carbohydrate analysis. The dif­
ference was the unhydrolyzed dextrin concentration. This method was 
checked by running the same type of analysis on the glucose formed in the 
digest. The Nelson and phenol-sulfuric acid determinations of glucose 
were in very good agreement. 
The <=<-Schardinger dextrin digest was treated with 0.01 ml of a very 
active p-amylase solution. After incubation for 24 hr in a 37°C water 
bath the only reducing sugars remaining, as shown by paper chromatography, 
were glucose, maltose and maltotriose. Aliquots of 100 |-il were then 
streaked onto paper, chromatographed, eluted into 10 ml volumetric flasks 
and analyzed by the phenol-sulfuric acid method. 
Method III - Determination of rate constants 
by the measurement of reducing groups 
The rate constants of oc - and j3-Schardinger dextrins were determined 
at 85.0 and 75.0°C by determining the reducing power of the digests after 
hydrolyzing in 0.0100 N sulfuric acid for 1440 min. Eight ml of the 
substrate was brought to the desired temperature and 2 ml of 0.0500 N 
sulfuric acid was added. At the end of 1440 min the digests were quickly 
cooled by placing them in a cold water bath. One ml aliquots were used 
without dilution for Nelson's determination. Total carbohydrate analysis 
was performed on 1 to 200 dilutions by the phenol-sulfuric acid method. 
Method IV - Determination of products by radioactivity 
Rate constants for individual bonds of maltose through maltohexaose 
were determined by hydrolyzing radioactive oligosaccharides labeled with 
14 C exclusively in the reducing glucose moiety. Five mg of non­
radioactive carbohydrate was dissolved in 0.8 ml water. Two tenths ml of 
0.0500 N sulfuric acid and 10 (il of radioactive carbohydrate were added. 
One hundred |il of solution were diluted to 10 ml for total carbohydrate 
analysis and radioactivity analysis. Approximately 75 M-l were pipetted 
into each of 12 capillary tubes and the tubes were sealed. 
Ten of the capillaries were fastened to glass rods by 1/8" pieces of 
rubber tubing - two capillaries per rod. The two remaining capillary 
tubes were used for zero time analysis. The capillaries were simultaneous­
ly submerged in the hot water bath at the start of hydrolysis, and the 
timer was started. Thermal equilibrium was probably attained in a matter 
of seconds. At desired times two capillaries were removed and immediately 
immersed in a cold water bath. They were then labeled with the time of 
removal and stored in the cold until all the samples had been taken. The 
capillaries were broken open, and a few pi of pyridine were introduced 
and mixed with the digest to neutralize the acid. The hydrolyzate was 
then removed by capillary pipette and spotted on a paper chromatograra. 
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After three ascents the chromatogranis were autoradiographed. The 
chromatogram was lined up on the developed autoradiogram and a strong 
light was shown through them. The chromatogram was marked where the spots 
on the autoradiogram showed through, and the marked portions were cut out 
as rectangular pieces. The marked portions and similarly shaped blanks 
taken from the side of the chromatogram were counted in a scintillation 
counter. 
Effect of Temperature on the Amylose - Iodine Complex 
Amylose was brought into solution and the concentration was deter­
mined as described at the beginning of Method I. Dilutions were made to 
give concentrations of 150 to 300 |J.g/ml. A 0.0100 M triiodide solution 
was made up by dissolving 0.5091 gm of iodine and 3.5249 gm of potassium 
iodide in 200 ml water (0.0100 M Ig and 0.106 M KI). Five ml of the 
amylose dilutions were pipetted into chromic acid cleaned, Klett-Summerson 
colorimeter tubes and 25 to 100 Hi of the triiodide solution was added. 
The final triiodide concentration was then 0.0500 to 0,200 raiM. The tubes 
were sealed using a gas-oxygen torch and the absorbancies were read using 
a Klett-Summerson colorimeter fitted with a green #54 filter. The tubes 
were placed in a water bath and the temperature raised and lowered between 
the range of 25-85°C by means of heating elements and cooling coils. The 
absorbancy was read at frequent temperature intervals after allowing 10 
min for the solutions to attain thermal equilibrium. Each tube was 
removed from the water bath, dried, the absorbancy read and the tubes 
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replaced in the bath in a time span of approximately half a minute. The 
tubes were heated and cooled through at least 2 cycles. Some tubes were 
taken through a shorter temperature range of 25-75°C. 
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RESULTS 
Determination of Rate Constants 
Method I - Production of reducing groups or glucose with time 
The number of glycosidic bonds in an amylose chain is one less than 
the number of glucose residues. Since there is only one aldehyde group 
(reducing group) in an amylose molecule, the number of bonds in the 
molecule equals the number of glucose residues minus the number of 
reducing groups. The number of bonds in the digest can be determined by 
subtracting the number of reducing groups from the glucose residues. 
B = N - R (2) 
The concentration of glucose residues in the amylose digest, N, is deter­
mined by the phenol-sulfuric acid method as |ig/ml glucose. The 
concentration of reducing groups in the digest, R, is determined by 
Nelson's method as |ag/ral maltose and converted into |ig/ml glucose. The 
concentration of bonds in the digest is B. 
If we assume that all the bonds are cleaved with the same rate 
constant, the bonds remaining at any time can be described by a first 
order rate equation. 
B = Bo e'kt (3) 
The concentration of bonds before hydrolysis is Bo and is assumed equal to 
N for amylose. The rate constant is k and t is the time in minutes. The 
rate constant was determined by a least squares analysis of the In B/Bo 
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vs t plot. Since the rate constant for amylose is known to increase with 
the degree of hydrolysis, this increase was minimized by keeping the 
degree of hydrolysis below 3 percent. The plot of In B/Bo vs t is shown 
in Figure 3. The data for this plot are in Table 1. The average value 
—^ — 2 from these experiments is 1.63 + 0.04 x 10 min 
For the hydrolysis of amylodextrin the initial reducing value was not 
negligible and Bo was calculated by subtracting the initial reducing value 
from N, The plot of In B/Bo vs t is shown in Figure 3 and the data are 
given in Table 1, The value of the average rate constant is 2.21 + 
0.04 X 10 ^  min 
The hydrolysis of maltose was followed by the amount of glucose 
produced. Since 2 glucose molecules are formed for each bond broken, and 
the number of glucose residues in maltose is twice the number of bonds: 
B = % (N - G) (4) 
Here G is equal to the concentration of glucose formed. The rate constant 
average is 3.12 + 0.07 x 10 ^  min The plot of In B/Bo vs t is in 
Figure 4 and the data are given in Table 1. 
Method II - Quantitative determination 
of products by paper chromatography 
The rate constant for maltose was determined from the reducing value 
data using Equations 2 and 3, from the glucose oxidase and phenol sulfuric 
acid determinations of glucose using Equation 4 and from the phenol-
sulfuric determination of maltose using Equation 5: 
C2 = C2° e-kt (5) 
Figure 3. Natural logarithm of the mole fraction of bonds remaining 
against time in minutes 
Amylodextrin - open circles 
Amylose - filled circles 
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Figure 4. Natural logarithm of the mole fraction of bonds remaining 
in maltose digests against time in minutes 
Filled circles show 2 coinciding points 
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Table 1. Data and results of -In B/Bo vs t plot 
Amy lose Amylodextrin 
t -In B/Bo t -In B/Bo t -In B/Bo t -In B/Bc 
45 0.0068 110 0.0152 10 0.0010 60 0.0114 
45 0.0070 110 0.0158 10 0.0030 60 0.0106 
60 0.0084 120 0.0172 20 0.0028 100 0.0185 
60 0.0091 120 0.0175 20 0.0021 100 0.0218 
75 0.0113 120 0.0163 30 0.0049 100 0.0180 
75 0.0113 120 0.0199 30 0.0051 100 0.0184 
77 0.0100 120 0.0188 40 0.0062 150 0.0339 
77 0.0121 120 0.0179 40 0.0064 203 0.0477 
90 0.0107 135 0.0219 50 0.0082 203 0.0443 
90 0.0135 135 0.0200 50 0.0087 210 0.0437 
90 0.0134 135 0.0193 50 0.0062 210 0.0426 
90 0.0132 150 0.0217 50 0.0068 252 0.0526 
105 0.0166 165 0.0254 50 0.0083 252 0.0502 
105 0.0150 175 0.0263 50 0.0050 300 0.0622 
105 0.0142 175 0.0280 300 0.0638 
105 0.0163 190 0.0298 
190 0.0305 
k 1. 63 X 10 4 min ^ 2.21 X 10 4 min ^ 
k 0.04 X 10-4 0.04 X 10-4 
Hydrolysis conditions: 95.0°C, 0.0100 N sulfuric acid 
Maltose 
t -In B/Bo t -In B/Bc 
5 0.0024 25 0.0084 
5 0.0016 25 0.0080 
5 0.0012 25 0.0080 
5 0.0016 25 0.0076 
10 0.0036 30 0.0088 
10 0.0032 30 0.0088 
10 0.0036 30 0.0096 
10 0.0028 30 0.0101 
15 0.0044 35 0.0110 
15 0.0044 35 0.0105 
15 0.0052 35 0.0114 
15 0.0048 35 0.0118 
20 0.0060 40 0.0122 
20 0.0064 40 0.0126 
20 0.0064 40 0.0130 
20 0.0060 
3.12 X 10-4 min'l 
0.07 X 10-4 
t = time in min 
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C2 and C2° are the concentrations of maltose at time t and zero respec­
tively. The results of these determinations are in Table 2. The average 
value for k is 3.14 + 0.45 x 10"^ min"^. 
Table 2. Kinetic constants from quantitative paper chromatography 
experiments 
Method of analysis k X 10^ . -1 mm 
Amylose Amylodextrin^ «2' «3' =6^  
Nelson's 
Glucose oxidase 
Phenol-sulfuric acid on 
Gl 
1.56^ 1.65^ 3.77 
2.62 
3.24 
3.58^ 
2.29 
2.70 
1.93 
GZ 
:: 
G5 
G6 
% ' 
1 1.64 
^ 1.94 
2.95 2.56 
2.14 
2.23 
Average k 1.64 1.94 3.14 2.42 2.08 
0.07 0.15 0.45 0.24 0.18 
Hydrolysis conditions; 95.0°C, 0, ,0100 N sulfuric acid, 1440 1 rain 
^Hydrolyzed for 1284 min. 
= glucose, G2 = maltose, etc. 
^Not included in average. 
For the maltotriose and maltohexaose hydrolysis it was assumed as a 
first approximation that all glycosidic bonds were hydrolyzed with the same 
rate constant. From this assumption the following equations were derived 
for the hydrolysis of maltotriose. 
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Let C^° = 1 
= 3 + _4e"kt (6) 
Cz = 2 (e-kt _e-2kt) (7) 
= e'Zkt (g) 
The rate constant for maltotriose was determined from the reducing value 
data using Equations 2 and 3, from glucose determinations using Equation 
6, Equation 7 for maltose, and Equation 8 for maltotriose determinations. 
The results of this experiment can be found in Table 2. The average rate 
constant for maltotriose is 2.42 +0.24 x 10"^ min ^. The total rate 
-4 -1 
constant for maltotriose is then 4.84 x 10 min 
The maltohexaose was found to contain a small amount of p-Schardinger 
dextrin. A correction was made for this contaminant, and the average rate 
constant was calculated from the unhydrolyzed raaltohexaose using Equation 
9, and from the reducing value data. 
C6 = Cg* (9) 
The results are shown in Table 2. The average value for k is 2.08 + 
0.18 X 10 ^ min"^. The total rate constant is then 10.4 x 10'^ min"^. 
The rate constant for the glycosidic bonds in amylose and 
amylodextrin was determined from the reducing value data (Equations 2 and 
3). It was also determined by plotting log Cn against n and determining 
the slope of the best straight line through the points by the method of 
least squares. The degree of polymerization of the product is n, and Cn 
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is its molar concentration. 
The Kuhn equation (42) for the weight yield, y, of a polymer contain­
ing n monomer units from a linear substrate of infinite length is 
y = ns^ (1 - s)" ^ (10) 
The term s is the probability of cleaving a bond assuming all bonds have 
the same probability of cleavage. Dividing this equation by n gives y/n 
which is proportional to the number of moles. Taking the logarithm of 
this equation gives 
log —^ = 2 log s + (n-1) log (1-s) (11) 
Plotting the logarithm of Cn against n gives a line of slope: 
A log 1 
4-12SuÇB = A . log (1-s) = P (12) 
An An ^ ^ 
The probability of not cleaving a bond in a first order hydrolysis is 
g-kt^ The probability of cleavage is then 1-e = s. Thus 
(l-s) = - 2353 = P <"> 
The rate constant is calculated directly from the slope. 
If all the points are in a straight line, a completely random 
hydrolysis would have taken place, and the process could be described by 
a first order rate equation. Any points off the line would show a varia­
tion from random attack. Sillen (68) has derived equations describing 
slight variations from random attack. He has approached the problem from 
the kinetic rather than the statistical point of view of Kuhn. Sillen's 
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equations for the hydrolysis with one end bond cleaving with a rate 
constant different from the rest are: 
Cn = N (1-x)^ eP(^ n^ » n, n > 1 (14) 
= N [1 - (2-x) (15) 
where = (1+p) k2 
= rate constant for one end bond 
k2 = rate constant for all other bonds 
HQ = number of glucose residues in substrate 
-kot 
X = e 
Taking the common logarithm of both sides of Equation 14 yields; 
log Cn = log N + p(l-x)log e + 2 log (1-x) + (n-l+p) log x (16) 
The slope of log Cn vs n is: 
(17) 
Because of the restrictions on Equation 14, glucose is not expected to be 
A 
on this line. The value for p can be calculated from the y-intercept, '==<j 
of the best straight line through the points. 
p = K + B - log N - 2 log (1-x) (18) 
P + (1-x) log e 
The value of p can also be calculated from the amount of glucose produced 
by rearranging Equation 15 and taking the logarithm of both sides. 
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log (1 - log (2-x) - p 
p = __N (19) 
P + (1-x) log e 
The values for p from Equation 18 and 19 are dependent upon the 
values assigned to N. There are 3 different methods of determining N. 
One is the phenol-sulfuric acid analysis of the digest. Another is the 
summation of the products eluted from the quantitative paper chromato-
grams. The last method is the summation of all the products on the log 
Cn vs n plot assuming there is a sufficiently large number of products. 
The series of products forms a geometric progression whose sum is: 
= Cj^ + C2 + 4- C^. . . = a(l+b+b^+b^+. . .) = _Ê_ (20) 
For the sum of the glucose residues the equation becomes: 
S2 = + ZCg + 3C3 + 4C^. . . = a(l+2b4-3b^+4b^+. . .) 
(l-b)2 
(21) 
Since glucose is not on the log Cn vs n line, a term must be added to the 
sum to correct for this. 
The term a is the first term in the series and is equal to the C^ value 
taken from the log Cn vs n curve. The difference between the true glucose 
concentration and this extrapolated value is Aa. The ratio, b, is equal 
CN4*L to and is determined from the Cn values taken from the curve. The p 
Cn 
values are determined using values of N calculated by this method. 
The results of the amylose and amylodextrin hydrolysis are shown in 
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Tables 2-6 and are plotted in Figure 5. The k2 value for amylose is 
1.64 + 0.07 X 10 ^ min ^ and for amylodextrin 1.94 + 0.15 x 10~^ min'^. 
The average p value for amylose calculated from Equations 18 and 19 is 
1.43 and for amylodextrin it is 1.00. 
The rate constants for <=<- and p-Schardinger dextrins were deter­
mined assuming the same probability of cleavage for all glycosidic bonds. 
Equations 2 and 3 were used to calculate the constants from reducing 
values. The equation used for the calculations of the •=<-dextrin constant 
from the determination of unhydrolyzed dextrin is 
= Cef e'Gkt (23) 
and for the p-dextrin constant 
Gp = Cp° e-7kC (24) 
Results are shown in Table 7. The rate constant average for p-Schardinger 
dextrin is 0.628 + 0.062 x 10 ^  min ^, and 0.647 + 0.057 x 10 ^  min'^ for 
the c<-dextrin. _ 
Method III - Determination of rate constants 
by Nelson's method 
The rate constants for the c<- and p-Schardinger dextrins were 
calculated using Equations 2 and 3. The results are given in Table 7. 
Method IV - Determination of products by radioactivity 
Since there is only one radioactive label per molecule, the number 
of counts is proportional to the number of moles. Adding up the counts 
from all the products and the unreacted substrate gives the counts of the 
substrate before hydrolysis (proportional to the number of moles of 
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Table 3. Products of amylose hydrolysis 
n 
1 
2 
3 
4 
5 
6 
7 
8 
Digest #1 
Cn' Cn 
Hg/ml pmole/ml 
211 
210 
223 
223 
224 
222 
216 
201 
1.17 
0.583 
0.413 
0.309 
0.249 
0.206 
0.171 
0.139 
Digest #2 
Cn' Cn 
|J.g/ml Hmole/ml 
265 
232 
246 
250 
244 
245 
235 
221 
1.47 
0.643 
0.454 
0.347 
0.271 
0.227 
0.187 
0.140 
HMW 
Total 
Total" 
Totar 
1783 
3513 
4320 
2966 
1802 
3740 
4580 
3020 
Hydrolysis conditions: 95.0°C, 0.0100 N sulfuric acid, 1440 min 
^Higher molecular weight products. 
^From sum of products. 
cprom phenol-sulfuric acid analysis of digest. 
d a 
Calculated from S = (i_b)2 + Aa. 
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Table 4. Products of araylodextrin hydrolysis 
n 
1 
2 
3 
4 
5 
6 
7 
8 
Digest #1 
Cn' Cn 
Pg/ml pmole/ml 
311 
308 
346 
380 
351 
317 
297 
285 
1.73 
0.856 
0.639 
0.528 
0.390 
0.293 
0.236 
0.198 
Digest #2 
Cn' Cn 
Hg/ml Hmole/ml 
313 
328 
357 
373 
362 
341 
306 
294 
1.74 
0.911 
0 . 6 6 1  
0.518 
0.402 
0.315 
0.243 
0.204 
HMW 
Total^ 
TotalC 
Total^ 
2203 
4798 
4910 
4178 
2235 
4909 
5040 
4180 
Hydrolysis conditions; 95.0°C, 0.0100 N sulfuric acid, 1284 min 
^Higher molecular weight products. 
^From sum of products. 
_ ^ From phenol-sulfuric acid analysis of digest. 
^Calculated from S = —-—« + Aa. 
(1-b)^ 
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Table 5. Data and results of log Cn vs n plot 
n log Cn n log Cn 
Amylose Amylodextrin Amylose Amylodextrin 
1 +0.0682 +0.2380 5 -0.5670 -0.4089 
1 +0.1673 +0.2405 5 -0.6038 -0.3958 
2 -0.2343 -0.0367 6 -0.6861 -0.5331 
2 -0.1918 -0.0675 6 -0.6440 -0.5017 
3 -0.3840 -0.1798 7 -0.7282 -0.6144 
3 -0.3429 -0.1945 7 -0.7670 -0.6271 
4 -0.5100 -0.2774 8 -0.8539 -0.6804 
4 -0.4597 -0.2857 8 -0.8570 -0.7033 
A 
P = -0.1027 -0.1079 
A 
•=< = 
-0.0457 +0.1464 
= 0.0043 0.0083 0.0230 0.0412 
Table 6. Values of p calculated from the Sillen equations 
p value N M.g/ml 
Equation 18 Equation 19 Avg Total avg Amylose Amylodextrin 
1.09 1.11 1.10 2966 
1.43 
1.79 1.73 1.76 3020 
1.02 0.975 0.998 4178 
1.00 
1.03 0.990 1.01 4180 
Figure 5. Common logarithm of the moles of products against degree 
of polymerization of products 
Amylodextrin - open circles 
Amylose - filled circles 
8 
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Table 7. Rate constants of the Schardinger dextrins 
Substrate k X 10^ min"^ Temp °C 
Nelson's Phenol-•sulfuric r— 
method acid method Avg UK 
•^-dextrin 0. 613 0. 680 0 .647 0.057 95, .0 
^-dextrin 0. 170 0 .170 0.005 85, .0 
<x-dextrin 0. 0435 0 .0435 0.0025 75. ,0 
p-dextrin 0. 635 0. 621 0 .628 0.062 95. ,0 
6-dextrin 0. 182 0 .182 0.005 85. ,0 
p-dextrin 0. 0432 0 .0432 0.0020 75. ,0 
substrate at time zero). The rate constants are determined by plotting 
the mole fraction of product, Cn, against corrected time, r, and varying 
the constants in the equation describing this plot (Equations 28-30, 36-
41) until the calculated curve corresponds to the experimental one. 
Plotting the corrected time variable on the abscissa corrects for slight 
variations in the rate constants due to differences in acid concentration 
and temperature from one capillary tube to another. A good approximation 
for these constants is obtained by plotting the mole fraction of product 
divided by the mole fraction of substrate used up () against 
corrected time. The y-intercept of the curves gives the rate constants 
(Equations 42-3). These intercepts can be approximated by drawing the 
best straight line through the points. Drawing a straight line for the 
product n^-l, where n^ is the degree of polymerization of the substrate, 
can be justified theoretically if the rate constants are not very 
different. 
Since the sum of the mole fractions for any time must equal one, the 
number of independent curves is one less than the degree of polymerization 
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of the substrate. By giving values to the constants in the equation 
describing for example, the maltopentaose concentration (Equation 37), 
which fits the experimental curve, the constants for the other equations 
in that series (Equations 38-40) are fixed. However, the experimental 
curves which are independent will not necessarily match the calculated 
ones which have been fixed, unless the models upon which these equations 
are based are correct. Therefore by hydrolyzing maltohexaose, the 
character of the hydrolysis of maltose through maltopentaose is also 
obtained, 
The results of these experiments show that in maltodextrins the 
glycosidic bond at the non-reducing end hydrolyses faster than the other 
bonds in the polymer. It hydrolyses with a rate constant equal to that 
of maltose and is independent of polymer size. All other bonds hydrolyze 
with the same rate constant and are independent of polymer size. The 
results of these experiments are given in Tables 8-15 and are shown in 
Figures 6-13. 
The following equations describe the hydrolysis of the radioactive 
substrates and products, assuming only two rate constants. The equations 
were derived using a phenomonological approach. Equations that were 
derived based on the formation of an intermediate and the steady state 
assumption, yielded the same equations. The constants from the equations 
derived from the classical theory were shown to be equal to complicated 
expressions of the rate constants derived from the steady state equations. 
Substrate models 
G3, maltotriose 
G2> maltose 
G]^, glucose 
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Mechanisms 
0-0* + 0 
0-0-0*-- 1, 
0-0 + 0* 
 ^0* + 0 
Differential equations based on models 
Let r = (k2^+k2)t , corrected ti me 
1 2 K, = -—-— , Ko = -,—r;— , rate constant fractions 
1 k2+k2 ^ k2^+k2 
€3° = 1 
dCç 
dT (25) 
dCr 
— = - Ki (C2-C3) (26) 
dC] 
dT Ki C2 4" K2 Cg (27) 
Solutions to differential equations 
C3 = e (28) 
Ki . -K^r -r 
- (e 1 
K. 
e ) (29) 
= 1 - 51 ' 
-Kir (Kg-K^) e -r (30) 
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Substrate models 
1 2 2 2 2 *' 
OIO-O-O-O-0 «6' maltohexaose 
1 2 2 2 * 
0"0—O""O""0 G5, maltopentaose 
_1 2^2 * 
0-0-0-0 G4. maltotetraose 
_1 2 * 
0-0-0 G3, maltotriose 
0-0* G2 > maltose 
0* Gi, glucose 
Differential equations based on models 
Let r = (kj^ + 4k2)t , corrected time 
K, = "l - - "2 1 — i , Ko = , rate constant fractions 
+ 4k2 k^ + 4k2 
Cg° = 1 
iSi = _c (31) 
dr ° 
dCc 
= - (1-K^) C5 + K]^ Cg (32) 
^ = - (l-2Ki) C5 + Kg Cg (33) 
^ = - (l-3Ki) + Ki C4 + Kg (C5+C6) (34) 
dCo 
= - Ki (C2-C3) + K2 (C^+Cg+C^) (35) 
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Solutions to differential equations 
Kl 
Let M = 
Ko 
CE = E"'' (36) 
C5 = M _ G-F) (37) 
1 2 -r 2 -(l-Kf)? 1 2 -(l-ZKgyr 
= -1- (M -1) e ^ - M e + _^ (M +1) e ^ (38) 
Let A ^ (M^-3lXH-2) 
6 
B = M (M^-1) 
C = -i_ M (M^+1) 
D = -i_ (M^+3ie2) 
6 
C3 = A e- H. B + C + D (39) 
Let F = - —^ (M A + ^  - M + 1) 
BC 
G = - ( F  +  M A  -  — r  -  M  D )  
-(1-K2)r gc -(l-2K2)r -(l-3K2)r 
C = F e  + M A e  -  — r  e  -  M D  e  
2 
+ G e"K^^ (40) 
Cl = 1 - (Cg + G3 + + C5 + c^) (41) 
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Lira 
-A C, 
= K, (42) 
Lim 
C4 
-A Cg 
o 
Uo 2^ 
= Lim —-— = Lim — 
-A C6 -A Cg - :Â^ " *-2 
(43) 
Table 8. Rate constants and rate constant fractions for bonds in linear 
polymers 
Substrate Non-reducing end bond 
4 -1 k X 10 min K, 
Other bonds 
k X lO"^ min"^ K2 
Temp °C 
Maltose 3.13 
Maltotriose 3.05 
Maltotriose 0.857 
Maltotriose 0.249 
Maltohexaose 3.29 
Amylodextrin 
Amylose 
0.648 
0.630 
0.630 
0.316 
1 .66  
0.503 
0.146 
1.78 
1.94 
1.64 
0.352 
0.370 
0.370 
0.171 
95.0 
95.0 
85.0 
75.0 
95.0 
95.0 
95.0 
Table 9. Radioactive products of maltotriose hydrolysis 
Ci C2 
Exptl Gale Exptl Gale 
210 0.0985 3.195 3.50 6.185 5.87 
210 0.1154 3.993 4.11 6.904 6.79 
455 0.2033 7.184 7.24 11.22 11.1 
455 0.2629 9.869 9.41 13.25 13.7 
525 0.2751 9.865 9.84 14.19 14.2 
525 0.3525 12.98 11.8 16.98 17.9 
715 0.3751 13.40 13.4 17.89 17.8 
715 0.4928 17.69 17.5 21.23 21.3 
1440 0.8865 31.34 31.0 27.46 27.7 
1440 0.9621 33.13 33.4 28.13 28.3 
Hydrolysis conditions: 95.0°C, 0.0100 N sulfuric acid, 4910|J.g/ml, 
94.2dpm/Hg 
All C values are x 100 t = time in min 
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Table 10. Radioactive products of raaltotriose hydrolysis 
t r Cl C2 
Exptl Gale Exptl Gale 
0 0.0069 0.233 0.24 0.453 0.44 
0 0.0076 0.246 0.26 0.511 0.50 
210 0.1083 3.775 3.97 6.481 6.30 
210 0.1104 3.829 3.93 6.619 6.52 
445 0.2157 7.789 7.71 11.61 11.7 
445 0.2213 8.094 7.90 11.75 12.0 
575 0.2761 10.07 9.86 14.06 14.3 
575 0.2820 10.36 10.1 14.21 14.5 
710 0.3369 12.07 12.1 16.53 16.6 
710 0.3421 12.33 12.2 16.65 16.8 
1440 0.6767 24.30 23.8 24.87 25.4 
1440 0.6976 24.53 24.7 25.68 25.5 
Hydrolysis conditions : 95.0°C, 0.0100 N sulfuric acid, 4910ng/ml, 
236dpm/|ig 
All G values are x 100 t = time in min 
Table 11. Radioactive products of maltotriose hydrolysis 
_t 2 Cl C2 
Exptl Gale Exptl Gale 
0 0.0099 0.340 0.37 0.643 0.61 
0 0.0114 0.388 0.42 0.743 0.72 
180 0.0368 1.346 1.36 2.261 2.25 
180 0.0363 1.358 1.35 2.204 2.21 
420 0.0710 2,707 2.64 4.149 4.22 
420 0.0701 2.564 2.60 4.207 4.17 
660 0.1034 3.817 3.84 6.007 5.98 
660 0.1076 4.024 3.99 6.180 6.22 
840 0.1290 4.846 4.80 7.259 7.31 
840 0.1285 4.792 4.77 7.270 7.29 
1440 0.2015 7.536 7.59 10.71 10.7 
1440 0.2108 7.946 7.82 11.06 11.2 
Hydrolysis conditions: 85.0°C, 0.0100 N sulfuric acid, 4730(ig/ml, 
235dpm/fig 
All C values are x 100 t = time in min 
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Table 12. Radioactive products of maltotriose hydrolysis 
r Cl C2 
Exptl Gale Exptl Gale 
0 0.0147 0.382 0.54 1.077 0.92 
0 0.0137 0.433 0.51 0.930 0.85 
720 0.0427 1.546 1.58 2.632 2.61 
720 0.0396 1,478 1.46 2.397 2.42 
1440 0.0677 2.431 2.51 4.115 4.04 
1440 0.0644 2.380 2.39 3.864 3.85 
1800 0.0837 3.109 3.17 4.920 4.92 
1800 0.0813 3.078 3.01 4.735 4.80 
2160 0.0945 3.512 3.50 5.512 5.52 
2160 0.0996 3.709 3.69 5.770 5.79 
2880 0.1284 4.835 4.76 7.217 7.29 
2880 0.1289 4.742 4.79 7.347 7.31 
Hydrolysis conditions; 75.0°C, 0.0100 N sulfuric acid, 4730pg/ml, 
235dpm/|ig 
All C values are x 100 t = time in min 
Table 13. Radioactive products of maltohexaose hydrolysis 
r C 1 C 2 C 3 G4 C 5 
Exptl Calc Exptl Calc Exptl Calc Exptl Calc Exptl Calc 
0 0.0097 0.022 0.12 0.212 0.15 0.206 0.20 0.102 0.20 0.432 0.30 
0 0.0103 0.021 0.11 10.211 0.18 0.190 0.18 0.093 0.17 0.504 0.33 
230 0.1734 2.860 2.93 2.906 2.83 2.820 2.81 2.652 2.62 4.678 4.73 
230 0.1759 2.892 3.02 2.908 2.86 2.791 2.78 2.675 2.74 4.861 4.73 
370 0.2718 4.636 4.61 4.360 4.35 4.098 4.12 4.040 4.01 6.668 6.71 
370 0.2773 4.664 4.72 4.529 4.39 4.126 4.21 4.130 4.09 6.774 6.80 
525 0.3901 6.375 6.47 6.258 6.36 5.423 5.47 5.383 5.38 8.864 8.63 
525 0.3988 6.625 6.76 6.179 6.14 5.529 5.75 5.556 5.48 8.999 8.76 
715 0.5259 8.666 8.89 7.762 7.83 7.041 7.17 6.816 6.74 10.62 10.3 
715 0.5536 9.256 9.38 8.202 8.16 7.265 7.47 6.971 6.95 10.82 10.6 
1440 1.0715 18.24 17.7 13.74 13.8 11.19 11.5 10.00 9.94 12.59 12.7 
1440 1.0785 18.47 18.0 13.92 13.8 11.11 11.5 10.01 9.96 12.49 12.7 
Hydrolysis conditions; 95°C, 0.0100 N sulfuric acid, 4160lig/nil, SOOdptn/p-g 
All C values are x 100 
t = time in min 
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Table 14. Rate constants of maltotriose 
Temp °C k X 10^ min ^ x 10^ min"^ k2 x 10^ min"^ 
95.0 4.71 0.11 3.05 1.66 
85.0 1.36 0.06 0.857 0.503 
75.0 0.395 0.021 0.249 0,146 
Table 15. Energies and entropies of activation 
Temp E „ AS* at 100°C ^ 
Bond °C x 10 min kcal/mole cal/deg/mole Ug 
95. 0 3. 48 
Non-reducing 85. 0 0. 977 
75. 0 0. 284 
95. 0 1. 89 
Reducing 85. 0 0. 574 
75. 0 0. 166 
95. 0 0. 716 
=<-dextrin 85. 0 0. 208 
75. 0 0. 0493 
95. 0 0. 738 
p-dextrin 85. 0 0. 194 
75. 0 0. 0496 
31.9 0.9 
31.0 0.2 
34.1 1.0 
34.4 0.4 
12.8 
15.7 
16.5 
0 . 1  
9.14 0.02 
0 . 1  
0 . 0  
(H ) = 0.0877 for ail temperatures 
Figure 6. Natural logarithm of the mole fraction of radioactive 
maltotr-'ose against time in minutes 
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Figure 7. Mole fraction of products against corrected time from 
radioactive maltotriose digests at 95.0°C. Theoretical 
curves and experimental points 
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Figure 8. Mole fraction of products against corrected time from 
radioactive maltotriose digests at 85.0°C. Theoretical 
curves and experimental points 
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Figure 9. Mole fraction of products against corrected time from 
radioactive maltotriose digests at 75.0°G. Theoretical 
curves and experimental points 
66 
0.07 
0.05: 
0.03 
0.02 
0.01 
0.12 0.06 0.04 0.02 
r 
Figure 10. Mole fraction of products against corrected time from 
radioactive maltohexaose digests at 95.0°C. Theoreti­
cal curves and experimental points 
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Figure 11. Ratio of mole fraction of products to mole fraction of 
radioactive maltohexaose used up against corrected time 
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Figure 12. Autoradiogram of radioactive maltohexaose digests 
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Figure 13. Common logarithm of reduced rate constants against 
reciprocal temperature in degrees Kelvin 
Non-reducing end bond of maltotriose - open circles 
Reducing end bond of maltotriose - filled circles 
-Schardinger dextrin - open triangles 
p-Schardinger dextrin - filled triangles 
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Determination of Energy and Entropy of Activation 
Energies and entropies of activation were determined from rate 
constants using the Arrhenius relationship: 
k = A (44) 
where k = observed rate constant, 
A = frequency factor, 
E = energy of activation, 
R = gas constant, 
T = temperature in °K. 
The rate constants were corrected to a standard state of a hydrogen 
ion activity of unity. The activity was calculated for the various 
temperatures from the hydrogen ion concentration, known thermodynamic 
values of sulfuric acid dissociation and calculated activity coefficients 
(3,61,77). The rate constant was divided by the hydrogen ion activity 
to give the reduced rate constant k^. 
Reduced rate constants were calculated from the non-reducing and 
reducing end bonds of maltotriose and <=<;'- and p-Schardinger dextrins for 
the temperatures 75.0, 85.0 and 95.0°C. The plot of the logarithm of the 
reduced rate constant against reciprocal temperature is shown in Figure 
13. Table 15 contains the data for the plot as well as the energies and 
entropies calculated from them. The energies of activation were 
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calculated directly from the slopes. The logarithm of the frequency 
factor was calculated as the y-intercept. The entropy of activation was 
calculated using the transition state hypothesis: 
K_X AS*/R 
A = -^ e (46) 
h 
where kg = Boltzman's constant, 
h = Planck's constant and 
AS* = entropy of activation 
Effect of Temperature on the Amylose-Iodine Complex 
The heating and cooling curves of the amylose-iodine complex are shown 
in Figures 14-17. As the temperature increased, the absorbancy decreased. 
The absorbancy dropped to zero if the temperature was raised high enough 
and the triiodide concentration was 0.05 or 0.1 mM (Figures 14 and 15). 
Upon cooling a hysteresis effect was observed. The absorbancy remained 
zero until moderate temperatures were reached, when it increased sharply. 
A hysteresis effect was also observed in systems where the temperature 
was not raised so high as to cause zero absorbancy (Figure 16). Solutions 
with triiodide concentrations of 0.2 ml-I did not fall to zero absorbancy 
even at 90°C (Figure 17). No hysteresis effect could be observed with 
these systems. 
Amylose-iodine complex solutions containing 0.1 mM triiodide were 
heated and cooled over a 60°C temperature range three times and described 
essentially the same curves (Figure 14). Solutions containing only 
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0.05 rriM triiodide showed that the curves had shifted to the Left each 
time the system had gone through a heating and cooling cycle (Figure 15). 
Figure 14. Absorbancy in Klett-Summerson units against temperature in 
degrees centigrade. Read using #54 filter 
328 (ig/ml Amylose, 0.10 mM I3 - circles 
164 |ig/ml Amylose, 0.10 mM I3 - triangles 
Filled symbols signify more than one point 
Figure 15. Absorbancy in Klett-Summerson units against temperature in 
degrees centigrade. Read using #54 filter 
164 Hg/ml Amylose, 0.050 mM 
Filled circles signify more than one point 
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Figure 16. Absorbancy in Klett-Summerson units against temperature in 
degrees centigrade. Read using #54 filter 
323 Hg/ml Amylose, 0.10 mM I3 - circles 
164 pg/ml Amylose, 0.10 mM I3 - triangles 
Filled symbols signify more than one point 
Figure 17. Absorbancy in Klett-Summerson units against temperature in 
degrees centigrade. Read using #54 filter 
164 M-g/ml Amylose, 0.20 mM I3 
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DISCUSSION 
The acid hydrolysis rate constants determined for amylose, from 
Methods I and II, are in good agreement (Tables 1 and 2). The same is 
true for maltose, and there is fair agreement in the case of amylodextrin. 
A puzzling feature of these results is that the constant for amylodextrin 
is larger than that for amylose. If the only difference in the rate 
constants of an -cv-l,4 linked polymer is due to one end bond, the other 
constants should be the same and independent of polymer size. The rate 
constant calculated from Method II supposedly gave only the rate constant 
of the interior bonds. A possible explanation for the difference between 
the amylodextrin and amylose constants may be just that the data for 
amylodextrin are not as good as the data for amylose as indicated by the 
standard deviations. Also, enzymatic hydrolysis showed some anomalous 
carbohydrate residues in the amylodextrin which was probably due to the 
method of preparation. These anomalies may have contributed to the 
larger rate constant. 
The total rate constant for maltotriose determined from quantitative 
paper chromatography and radioactive tracer experiments are in good 
agreement (4.84 and 4.71 x lO"^ ndn"^). The tracer experiments show the 
bond on the non-reducing end of the maltotriose to be cleaving faster than 
the other bond (Table 8). The rate constant for the non-reducing end bond 
is calculated by multiplying the total rate constant of maltotriose by 
the rate constant fraction, This rate constant turns out to be close 
to that for maltose. The constant for the reducing end bond is close to 
that for amylose. These results are analogous to those of isomaltotriose 
(39). They are also consistent with the results obtained for amylose and 
amylodextrin using Method II. The Sillen equations used in that method 
are for one end bond having a different rate constant from the rest. This 
assumption was also made by Myrback and Magnusson (48) in their work on 
starch. However, this result conflicts with the views of Freudenberg's 
and Hollo's groups (31, 32, 34, 35, 36). Freudenberg's group envisioned 
both constants to be the same and equal to that of maltose. Hollo's group 
believed that the reducing end bond constant was slightly smaller than 
the constant for the non-reducing end bond. 
The radioactive tracer experiment on maltohexaose showed that all 
the bonds had the same rate constant except the non-reducing end bond. 
This result is consistent with the radioactive maltotriose experiments. 
A discrepancy in this experiment is the total rate constant for 
maltohexaose. The expected range based on one "maltose" constant and 
-4 -1 four "amylose" constants is 9-10 x 10 min . The experimental value 
of 7.75 X lO"^ min"^ is too low and cannot be explained by analytical 
error. Although the autoradiogram shows the maltohexaose as a single 
spot before hydrolysis (Figure 12), the oligosaccharide is believed to 
be contaminated with a slow or non-hydrolyzing component with the same Rf 
value. This belief is based upon a maltotetraose experiment whose data 
are not included in this dissertation. Autoradiograms showed the 
maltotetraose to be contaminated. A slightly faster moving component 
could not be completely separated from the maltotetraose. It is suspected 
that the contaminant was caused by radioactive disintegration of the paper 
chromatogram on which~the maltotetraose was stored before being kept as a 
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frozen solution. 
Hydrolysis of the contaminated oligosaccharide yielded a total rate 
constant for maltotetraose which was too low, compared to the expected 
value calculated from the maltose and amylose constants. However, the 
rate constant fractions were close to those expected. These results can 
be explained by a slow or non-hydrolyzing contaminant which makes the 
concentration of the unhydrolyzed substrate appear larger than it is but 
has no effect on the concentration of products formed. 
Hydrolysis of non-radioactive maltohexaose by quantitative paper 
chromatography gave a total rate constant of 10.4 x 10'^ min"^ which is 
in the range expected. The rate constant of the non-reducing end bond of 
maltohexaose calculated from the radioactive and non-radioactive experi­
ments gives a value close to the maltose constant (Table 8). The other 
values are near that for amylose. These results are consistent with those 
of the maltotriose experiments. 
The ratio of the non-reducing end constant to the other rate 
constants is 1.7 - 1.9 as determined from the rate constants in Table 8. 
This ratio is also equal to (1 + p) from the Sillen equations used in the 
quantitative paper chromatography experiments on amylose and amylodextrin. 
The p values in Table 6 yield slightly higher ratios. However, the p 
value is calculated by subtracting experimental values (Equations 18 and 
19) which increases the effect of experimental error in the p value. 
The p value calculated from these experiments depends on the value 
used for the total carbohydrate concentration, N. The N value used which 
yields a p value consistent with the radioactivity experiments is 
calculated from the sum of the glucose residues in the products. It is 
assumed that the number of these products is large enough to make the use 
of Equation 22 valid. This sum is smaller than the N values determined 
experimentally either by a phenol-sulfuric acid analysis of the digest or 
from a sum of the products eluted from quantitative paper chromatograms. 
These last two methods of determining total carbohydrate concentration 
are in good agreement in the amylodextrin experiment (Table 4) but the 
amylose experiment gives a higher value for the phenol-sulfuric acid 
determination (Table 3). This poor agreement for amylose was not 
surprising. Since amylose is a homologous series of linear molecules of 
varying size it was expected that at the end of hydrolysis some of the 
remaining large molecules would be precipitated during the neutralization 
and concentration procedures. What was unexpected was that neither of 
the N values determined by these latter methods gave p values consistent 
with the radioactivity results or even consistent with themselves. The p 
values calculated from Equation 19 were lower by an order of magnitude 
from the p value calculated from Equation 18. The idea was entertained 
that possibly part of the polymer chain was in a helical configuration 
and the glycosidic bonds in the helix were hydrolyzed slowly or not at 
all. The isolated products from such a hydrolysis would be derived only 
from non-helical segments. The N value calculation from the sum of these 
products from Equation 22 would then represent the non-helical part of 
the substrate. The difference between this value and the phenol-sulfuric 
acid value would be the helical part of the substrate. Using the summed 
value of N would then give results consistent with oligosaccharides not 
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having helical segments. The inconsistent p values determined with the 
phenol-sulfuric acid value of N would show that the hydrolysis does not 
actually proceed according to the Sillen model. 
This hypothesis breaks down at two points. First, the rate constant 
for amylose determined by Method II does not depend upon an N value 
determination, but the constant determined by Method I does depend on the 
N value determined by the phenol-sulfuric acid method. These rate 
constants are in very good agreement. This is a weak point, however, 
since the determination of the rate constant by Method I is in a range 
that is not very sensitive to changes in N. A stronger point against 
this hypothesis stems from the results of the heating and cooling curves 
of the amylose-iodine complex. 
The amylose-iodine complex has been characterized as an inclusion 
complex where the iodine sits in the tunnel of the helix formed by the 
amylose (63,64,65). Neither iodide ions nor iodine molecules alone can 
form the complex, but both species are necessary. The exact nature of the 
iodine in the helix is still uncertain. The complex is an intensely blue 
colored one. 
Heating the complex (Figures 14-17) causes a disappearance of the 
blue color. When the blue color is completely gone only the yellowish 
hue of the iodine remains. Cooling restores the blue color of the 
complex. It is postulated that at high temperatures the amylose molecules 
change from a helix to a random coil configuration. In this process the 
iodine is released from the helical tunnel and the complex is destroyed 
causing a loss of the blue color. This hypothesis is supported by the 
hysteresis effect observed. Once the complex is destroyed it can only 
be reformed at a much lower temperature. At this temperature the 
equilibrium conditions between helical and coil configurations favor 
the helical configuration to an extent sufficient for the iodine 
molecules to reoccupy the tunnel. 
At high triiodide concentrations the competition of iodine for sites 
in the helical tunnel is so great that much higher temperatures are 
needed to remove an iodine molecule from the tunnel and unravel the 
helix before another iodine molecule replaces the one lost. At high 
temperatures the iodine probably is slowly oxidizing the amylose and is 
itself being reduced thereby lowering the amount of complexing reagent. 
This would explain the shifting of the curves at low triiodide concentra­
tions. The same phenomenon would then be occurring in the other systems, 
but the effect would be masked by the intensity of the color and the 
greater excess of reagent. 
These results may conflict somewhat with those obtained by Peticolas 
(54). The loss of color he found parallels these results, but no 
hysteresis effect was observed. The exact nature of his iodine solution 
was not described well. The iodine concentration was given but no mention 
was made of iodide ions. Iodine will undergo hydrolysis to form iodide 
ions unless specific inhibitors are present. It appears as if the systems 
of Peticolas and those described here are similar. The failure to detect 
any hysteresis may be due to the fact that the first reading on the 
cooling leg of the curve was at 40°C and the hysteresis portion may have 
been missed, or the iodine concentration may have been high enough to 
inhibit the hysteresis. 
The explanation of the heating and cooling curves of the amylose-
iodine complex discounts the possibility of helical configurations at 
the temperatures at which hydrolysis was carried out. Therefore the 
discrepancy in the determinations of the total carbohydrate concentra­
tions discussed above cannot be explained by helical segments in the 
polymer. Studies (38,41) have shown association phenomenon for concentra­
tions of amylose lower than those used for hydrolysis. An association 
effect similar to rétrogradation, which is an irreversible process in 
aqueous solution may be an adequate explanation of the discrepancy. Such 
an association of molecules may be sufficient to protect the glycosidic 
bonds from hydrolysis but may not be so extensive as to cause precipita­
tion of the aggregate. The association of amylose molecules seems to go 
through a maximum as the degree of polymerization increases (10,37,80). 
Thus there would be a greater association in the degree of polymerization 
range of, say, 100 than at 10 or 1000. Hydrolysis of large chains may 
then occur until the size of the chain has been shortened to the point 
where association is most likely. If association takes place, that seg­
ment of the molecule involved is in effect removed from the hydrolyzing 
system. Since the amylodextrin preparation has an average degree of 
polymerization of 26.2 the number of molecules going through the maximum 
association range during hydrolysis would be smaller than that in the 
amylose digest. A better agreement between the effective carbohydrate 
concentration, calculated from Equation 22 and the total carbohydrate 
concentration, determined from phenol-sulfuric acid analysis, would be 
expected from the amylodextrin hydrolyzate rather than the amylose digest. 
Such is the case (Tables 3 and 4). The hydrolysis of amylodextrin and 
amylose is then identical to the hydrolysis of the raaltodextrins except 
for this association effect. 
The question of acid-catalyzed condensation of carbohydrates has 
been raised recently in connection with a product of glycogen hydrolysis 
containing an 0^-1,3 bond. Such condensation or reversion reactions are 
essentially reactions between glucose and another carbohydrate. Reversion 
reactions have been shown to occur in glucose solutions of 0.4-1.0% at 
high temperature and dilute acid concentration (44,53). The main 
disaccharides formed by reversion were isomaltose and gentiobiose. 
Studies done with 0.1% glucose and 0.3% maltose in dilute acid and high 
temperatures have not shown any reversion products (83). The quantity of 
reversion products is less than 1% of the total carbohydrate concentra­
tion. 
Concentrations of carbohydrates in the experiments discussed in this 
dissertation were about 0.5% and the glucose formed from hydrolysis never 
rose beyond 0.2%. No reversion products were ever detected by paper 
chromatography or autoradiography. Since the quantity of reversion 
products is usually so small, any reversion occurring in these experi­
ments would probably be within experimental error. 
Since this is the first time rate constant values have been 
determined for individual bonds in carbohydrates larger than disaccharides 
a study was made to see if the bonds could be distinguished from each 
other by their thermodynamic properties. It was also of interest to 
compare the cyclic dextrins with the linear ones. The bonds of the 
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Schardinger dextrins had smaller rate constants than amylose and dif­
ferences in thermodynamic values might provide some insight to the 
mechanism of hydrolysis. 
The rate constants determined for the bonds of radioactive malto-
triose and the Schardinger dextrins were corrected to a standard state of 
unit hydrogen ion activity. This was done by dividing the rate constants 
by the hydrogen ion activity at the temperature of hydrolysis (Equation 
45). The hydrogen ion activities were calculated using the sulfuric acid 
concentrationJ the second dissociation constant for sulfuric acid at the 
various temperatures and the activity coefficients of the ionic species 
calculated from the Debye-Huckel relationship. Two assumptions were made 
in these calculations. The first was that the enthalpy of dissociation 
was constant over the temperature range involved. The second was that 
the ion size parameter for bisulfate ion was the same as that for acetate, 
bicarbonate and dihydrogen phosphate ions. 
This method of correction to unit hydrogen ion activity may be ques­
tioned in the light of Szejtli's results (71,72). He claims that the 
rate constant is a function of acid activity raised to a power. The 
exponent he finds is 1.07 for hydrochloric acid, but he believes this to 
be significant. The substrate he uses in his experiments is a soluble 
starch, which is a commercial preparation of a mixture of branched and 
linear polymers and may contain phosphate groups. Since no exponential 
term has been determined for sulfuric acid and the use of such an 
undefined substrate as soluble starch is questionable, no correction of 
this sort was made. 
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The results of the least squares analysis of the log vs ^  plot 
are given in Table 15 and are shown in Figure 13. The entropy of 
activation determined experimentally is a sum of 2 entropies according 
to Whalley (79). The first entropy term is the entropy of reaction for 
the protonation of the carbohydrate (AS^) and the second is the actual 
entropy of activation of the rate limiting step (ASg). The first entropy 
* 
term is almost always positive, but ASg can be positive or negative and 
depends upon whether the reaction is a unimolecular (A 1) or bimolecular 
(A 2) reaction. A positive entropy of activation determined experimental­
ly is not a sufficient indication of an A 1 mechanism. However, the 
evidence derived from other studies discussed in the Review of Literature 
section points to the A 1 mechanism involving a cyclic carbonium-oxonium 
ion (Figure lA). 
The entropies of activation determined in this study are all large 
and positive and fit in with the A 1 mechanism hypothesis. The rotation 
about the bond of carbons 4 and 5 when the pyranose ring goes into a 
half-chair conformation would be restricted by bulky groups on carbon 4 
such as another pyranose ring. Such an effect would lead to a lower 
entropy of activation than that found in an uninhibited rotation. The 
entropies of activation for maltotriose are consistent with this reason­
ing. The value for the non-reducing end bond is larger than the remaining 
bond. 
The Schardinger dextrins are not consistent with this scheme. It 
would appear that the entropy of activation of their bonds would be even 
smaller than the value for the reducing end bond of maltotriose. However, 
they are in fact larger than the non-reducing end bond value. An examina­
tion of models of the Schardinger dextrins show the half-chair conformation 
to be very difficult to attain. This difficult transition plus the high 
AS* along with the higher energy of activation leads to the hypothesis 
that the Schardinger dextrins are hydrolyzed through an A 1 mechanism 
involving a ring opening (Figure IB). This hypothesis avoids going 
through a difficult conformation change, explains the high energy of 
activation since a different bond is cleaved (the carbon 1 and ring 
oxygen bond) and goes through an intermediate which one would expect to 
give a higher entropy of activation than the half-chair intermediate. The 
mechanism is also reasonable since the ring oxygens of the Schardinger 
dextrins are facing outward into the solvent, whereas the glycosidic 
oxygens are facing into the center of the tunnel away from the solvent. 
The ring oxygens are then more easily attacked by the acid than the 
glycosidic oxygens. 
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SUMMARY 
Using a number of different methods such as quantitative paper 
chromatography and radioactive tracers it was established that the 
hydrolysis of linear ^^V-1,4 linked glucose oligosaccharides and polymers 
could be described by using only 2 rate constants. The rate constant of 
the non-reducing end bond was equal to that for maltose and was 1.8 times 
greater than the other bonds. The hydrolysis of very large polymers such 
as amylose was complicated by an association effect which protected some 
of the glycosidic bonds from hydrolysis. The average rate constant for 
the bonds in the of- and p-Schardinger dextrins was the same and less 
than for amylose. No reversion products were found with the hydrolysis 
conditions used. 
Energies and entropies of activation were determined for the bonds 
of the Schardinger dextrins and for the bonds of maltotriose. The energy 
of activation for the maltotriose bonds was 31.5 kcal/mole and for the 
Schardinger dextrin bonds 34.3 kcal/mole. The entropies of activation 
for the bonds of cx\- and p-Schardinger dextrins and for the non-reducing 
end and reducing end bonds of maltotriose were 15.7, 16.5, 12.8 and 9.14 
eu respectively. It was postulated that the maltotriose was hydrolyzed 
by a unimolecular mechanism proceeding through a cyclic carbonium-oxonium 
ion, but that the Schardinger dextrins were hydrolyzed by a unimolecular 
mechanism involving an open ring intermediate. 
Heating and cooling curves of the amylose-iodine complex showed a 
hysteresis effect. It was postulated that at high temperatures amylose 
undergoes a helix-coil transition which destroys the complex. The 
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helical configuration of the araylose in aqueous solutions is thought 
be virtually non-existent in the absence of co' ilexing agents above 
temperatures of about 60°C. 
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